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This paper presents preliminary results obtained by investigating the extent of hydrocarbons pollution (gasoline, 
diesel, oils) at the premises of CARBOCHIM Cluj-Napoca. Soil sampling of seven different areas were made at depths 
ranging from 50 - 150 cm. In the following laboratory analyzes it was found that the soil is polluted with petroleum 
hydrocarbons (C10 - C40) and concentrations are exceeding the alert and intervention  threshold  mentioned in the 
environmental protection regulations, referring to less sensitive use lands. Remediation was done using ex-situ 
bioremediation by composting with microorganisms, nutrients and natural absorbent contribution. Results showed that 
one can achieve a high biological remediation through this method, final results showing a concentration below 
125mg/kg TPH value. 
 





Industrial scale production, processing and 
use of chemicals have resulted in serious 
contamination of surface soil and subsoil with a 
wide range of hazardous and toxic hydrocarbons [1]. 
Petroleum hydrocarbons are among the most 
common soil and groundwater contaminants. 
Chemicals that appear in TPH include hexane, 
benzene, toluene, xylene, naphthalene, and fluorene, 
other components of gasoline, fuel, jet mineral oils 
and other petroleum products.  
These organic compounds consist of carbon 
and hydrogen atoms that arrange in different 
structural configurations are divided into two 
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Bioremediation is defined as a process that 
uses microorganisms or their enzymes for soil 
remediation and bringing it to its initial conditions 
[2]. In last decades, this process has developed and 
improved to remediate petroleum hydrocarbons 
contaminated soil. For ex situ bioremediation are 
different technologies already proven that can be 
used for the remediation of unsaturated zone and 
also saturated zone, namely: "biopile" method, "land 
farming" method, compost or soil treatment in 
bioreactor. 
Microorganisms can adapt their catabolic 
activities to make use of toxic organic pollutants 
from soil as food source, mineralize complex 
organic compounds to simpler compounds, carbon 
dioxide and water [3]. They made the 
biodegradation of pollutants by the growth 
mechanism, and co-metabolism. Mixed microbial 
communities have the strongest biodegradability 
potential, because for degradation of pollutants 
complex mixtures are necessary genetic information 
of many organisms [4]. Sufficient nutrients quantity 
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must be available for optimal growth and 
reproduction of microorganisms involved in 
bioremediation at ground level [5, 6]. 
Environmental factors which influence 
microbial growth and bioactivity include moisture 
content, temperature, pH, soil type, contaminants 
concentration and oxygen in aerobic processes or 
redox potential in anaerobic degradation. Changes 
of these parameters beyond the optimal values can 
change the rate of microbial growth and target 
substrates and result in failure of the bioremediation 
process. 
 
2. Material and Method 
 
Soil texture is coarse sand and gravel type in 




In this area, soil samples have a characteristic 
odor of petroleum products and groundwater level 
was reached at 2.50m. Composting was done with 
the contribution of microorganisms and natural 
absorbent were added manually.  
Consortium of two types of microorganisms 
like Bacillus and Pseudomonas was chosen for rapid 
degradation of hydrocarbons, which had a sink of 
peat moss and organic waste for high performance 
degradation [7].  
The investigated site is located in the inside 
western part of SC CARBOCHIM SA Cluj-Napoca 
(Romania), with GPS coordinates: 46 ° 47 '14' .00 
N, 23 ° 35 '52 ", 00 S, 327 m rate.  
Soil sampling was performed according to 
STAS 7184/1-75, near former fuel depots, where 
tanks and ground technological routes were 













Figure 1. Location of sampling points 
 
Soil samples were taken from the former 
fuel warehouses, placed inside the society, in 2008 
and 2011. In 2008 soil samples were taken from two 
locations (F1 and F2).  
From each point, 4 samples were taken on 
different depths (50, 100, 150 and 200). Values of 
TPH concentrations in different depth of sampling 
are presented in table 1 [7].  
 
Table 1. TPH concentrations – 2008 [7, 9] 
 
Sampling points 
                                                                                                                             
Depth 
 of sampling  [cm]                                                                               
F1 F2 
Assessed values TPH     (mg/kg) 
50 630 1600 
100 1400 3700 
150 850 340 
200 310 150 
Order no. 756/1997 on the assessment of environmental 





) < 100 
Usage value 1000 
Critical value 2000 




Table 2. TPH concentrations – 2011 [7, 9]. 
 
In 2011 sampling was performed from 7 
distinct points (P0, P1, P2, P3, P4, P5, and P6), at 
depth between 30-150 cm. TPH concentrations in 
soil samples are presented in table 2 [7]. 
 
3. Results and Discussions 
 
Before the bioremediation process, the 
cleaning of the land were necessary. The boulders 
and stones were removed, also a recovery of wood 
and metal materials were done. The soil was 
excavated, sorted and placed on a concrete platform 
in the form of prisms with a base of 2 meters and 
height of 1.5 meters (fig.2) [7, 10]. 
Under the process a soil homogenization with 
ecosorbent, a natural absorber consists of peat 
enriched with specific degradation of hydrocarbons 
microorganisms was done. Required amount of eco-
sorbent for the entire process was 100 kg. The 
specific microorganisms were injected into the 
concomitanted soil with the aeration process.  
Bioremediation of soil was achieved with the 
addition of nutrients, these nutrients carbon-based, 
phosphorus and nitrogen provide for faster 
development of biomass, because about one third of 
the hydrocarbons are converted into cellular mass 
and for the two thirds of carbon dioxide we need an 











Figure 2. Method of settlement a contaminated soil 
 
In general, pH varies between 6 - 7 in the 
examined area soils. In the soil profile, pH values 
tend to increase proportionally with depth. 
Concentrations of total petroleum 
hydrocarbons  from analyzed soils showed different 
degrees of pollution depending on depth and 
location of sampling. The limits of total petroleum 
hydrocarbons variation were analyzed by 
comparison with limit values for less sensitive soils, 
according to Order number 756/1997 on the 
assessment of environmental pollution [9].  
The chart analysais (fig. 3) shows that the 
concentration of TPH in soil samples, (F1 and F2)   
were taken in 2008, have the same trend. 
At the surface samples (50 cm and 100 cm), 
TPH  concentration increases with depth, and at the 
deep samples (150 and 200 cm), decrease with 
depth. Samples from the deep present values below 
the alert threshold.  
At sampling point P1, TPH concentration 
increases along with the sampling depth; limits are 
below intervention threshold (fig 4). 
 
            Sampling points d 
 Depth 
 of sampling  [cm]                                                                                                            
P0 P1 P2 P3 P4 P5 P6 
Assessed values TPH     (mg/kg) 
30 980 1200 2400 1300 1200 3300 2800 
50 1100 1200 1000 600 
 - 100 2800 2100 1900 1900 
150 4100 2000 500 1200 
Order no. 756/1997 on the assessment of 



















Figure 3. Variation of TPH concentration depending on the depth in 2008 
 
P3 and P4 points show a concentration 
variation depending on depth. All samples have 
limits above warning threshold (1000 mg/kg) at a 
depth of 30 cm and the intervention threshold (2000 
mg/kg), is exceeded by samples taken at P2, P5, P6. 
At a depth of 50 cm the samples show low TPH 
concentration, just slightly over the warning 
threshold we notice in chart 3.3 analysis  that at 
sampling point P0, TPH concentration increases 
along with the sampling depth. The warning 
threshold is exceeded at a depth of 30 and 50 cm 
and the intervention threshold is exceeded 2 times at 
the depth of 150 cm. The values of TPH 
concentrations varie and it depend on depth of 
sampling. We observed that in 2008 just one 
sampling point,  from 100 cm depth  exceeded  the 
intervention threshold. 
In 2011 all the sampling points exceeded the 
warning threshold, while for 5 sampling points  






Figure 4. Variation of TPH concentration depending on the depth in 2011 
 
Soil was placed in rows on the bioremediation 
platform, and three of these rows are simultaneously 
monitored (table 3), in order to determine the TPH 
concentration in the whole process.   
24 different samples were taken Periodically 
(0 - 105 days) and were analyzed.  
There was a TPH concentrations decrease in 
the soil directly proportional to the duration of the 
decontamination.  
After 45 days, we noticed a sudden decrease 
of TPH concentrations and pH  increased linear and 
inversely proportional to the concentrations of TPH. 
By applying the process of compost remediation, we 
can observe a massive decrease of the TPH 
concentration in soil samples (fig. 5). TPH amounts 
are below of warning threshold and at the end of the 
process (105 days), all samples show regular 
amounts of TPH. 
 








Figure 5. Variation of TPH concentration during 105 days 
 
 
There is a noticeable pH increase,  
proportional with the remediation process, it 
reaching to 7.81, a value very close to the optimal 





Following the analysis performed on soil 
within SC CARBOCHIM SA Cluj-Napoca 
(Romania), it is showed an exceeding of TPH 
warning and intervention threshold both for 2008 
and 2011 samples, required decontamination on 350 
square meters.    
There were very good results regarding the 
TPH disposal by applying of the decontamination 
composting procedure and we achieved the 
concentration below normal limits (100 mg/kg) in 
just 100 days since the experiment started. 
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TPH concentrations (mg/kg) 
pH 
Row 1 Row 2 Row 3 
0 2400 3300 2800 6.94 
15 1300 1750 1570 7.16 
45 630 720 760 7.9 
75 330 370 420 7.24 
105 103 97 125 7.81 
